Abstract -At the hand of a case study alternative energy sources, methods of transportation and their effect on the electricity grid oncefossilfuels have been depleted is discussed. Three methods of sustainable transport are presented. The energy requirement for each is calculated as well as the requirements from the electricity grid for traveling a 200km route. All three proposed methods are compared to current methods of transport. Specifically, the Superbus, an all electric vehicle, has also been considered as an alternative to future transport. The results obtained indicates that the Superbus is the better option regarding energy requirement from the electricity grid, while at the same time traveling at high speeds to make point to point transportation fast.
I. INTRODUCTION at 6.7% share, energy generated from oil still equates to 1,1 67TWh. Once oil reserves have been depleted, this energy will have to be sourced from somewhere else. [1] Abandoning the use of fossil fuels, whether by choice or by necessity raises the question of where new energy sources will be found. Currently, various alternative fuels exist, but their energy requirement from and impact on the electricity grid is unknown. Even though the combustion of fossil fuels does not require any energy from the electricity grid itself, the process of extraction and processing fossil fuels do require external energy, usually supplied by the electricity grid.
The electricity grid should be dimensioned to be able to cope with the demand for delivering fuels, whether it is extraction, processing or transportation. If oil reserves are depleted, the demand from the grid will most probably change and the impact of sourcing the required energy to fill the void is unknown. Figure 1 shows electricity generation break-down by fuel type for 2004. This summates to a total of 17,450TWh of energy generated in the year 2004. Noticeable is that the largest percentage of electricity is generated from coal. Even Figure 2 shows the consumption of oil by sector. Considering the transport sector, it can be seen that this is the largest fraction consumed. This will leave a considerable deficit once oil resources are depleted, which will have to be compensated.
Moving away from fossil fuels is possible, by making use of bio-fuels like bio-ethanol or bio-diesel. [2] 1-4244-1478-4/07/$25.00 ©2007 IEEE Another possibility is that this energy supply will come solely from the electricity grid. Using full electric vehicles will also help to move to a carbon neutral society by relying on sources with no emission. This depends however on whether the electricity grid is supplying sustainable energy or not. By utilizing only renewable sources like wind, hydroelectric, wave and solar power, sustainability is achieved. This will be discussed later in this paper.
Using electricity readily available from the grid is the first possibility, although figure 1 shows that the electricity generated is currently not 100% sourced from renewable sources.
The goal of this paper is thus to investigate current and future demand from the electricity grid depending on the type of fuel used in future transport and investigate plausible alternative technologies, assuming the use of fossil fuel is not possible. To investigate the possibility of future transport, the energy requirements for plausible methods of transportation need to be calculated.
II. TRANSPORT SYSTEM
In Europe, most inter-city routes are covered by trains powered by overhead electricity lines. Although inter-city trains are in widespread use today, they are not a good option for developing technologies. To be able to commission a new train line or service, new track needs to be laid and accompanying infrastructure like bridges, crossroads and stations needs to be built. It is therefore not a very flexible alternative to oil-free transport.
Three alternative methods of transport will be considered: * Commuter bus * Helicopter * Superbus
To gauge the energy required to travel the suggested route, these vehicles will all be assumed to travel an equal distance. The energy required for these different methods to travel the same distance will be estimated and compared using fossil fuels as well as non fossil based fuels.
Vehicle parameters are shown in Table I . A proposed method of transportation will also want to be fast. For this reason the helicopter and Superbus have been chosen for this case study, to be able to calculate energy requirements for fast point to point transportation as well.
The amount of passengers that every vehicle can transport is not the same, so to make a meaningful comparison the amount of passengers will be normalized to the transportation of 1000 passengers in both directions, which might constitute the daily traffic for such a route. This figure might then be used to determine the installed capacity that would be required from the electricity grid.
Commuter Bus and Helicopter These two vehicles were chosen for use in this comparison to represent current methods of transport. They are not necessarily both efficient and fast, but they are in widespread use and well known.
Superbus
One proposed solution for future point to point transport is the Superbus, currently under development (rendering shown in figure 3) . The Superbus will be charged from the electricity grid and store its energy onboard using batteries. Key parameters are shown in Table II . The development of the Superbus stems from the necessity for new methods of public transport and is also aimed to provide high speed sustainable transport. The Superbus will make use of existing bus stations and terminals and does therefore not require any disruptive construction in built up areas like city centers. The Superbus will be able to reach similar top-end speeds as high-speed trains in use today, but with a larger freedom to move on almost any particular route.
The proposed route for the Superbus is the 200km distance between 2 cities, Amsterdam and Groningen in the Netherlands, although any similar route may apply. 
ENERGY REQUIREMENT OF CURRENT TRANSPORTATION METHODS
To be able to calculate the energy required to complete the specified distance an average speed will be assumed and some traveling time will result. This average speed will then be used to compare other methods of transportation discussed in this paper.
Two average speeds will be used to base calculations on, 120km/h and 240km/h. Not all vehicles considered in this paper can travel at all speeds. Table III lists which vehicle can operate what speed. Table 4 gives an indication of the resulting traveling time for a 200km distance. Table Ill Possible Calculating the power required using (1) yields almost 107kW. Rounding this up and assuming the engine produces an average power of 110kW over the whole route, yields an energy requirement of 183kWh.
A. Commuter bus
A medium sized commuter bus is considered for this discussion. Such busses use mostly diesel engines with peak power output ranging from 90kW to 140kW [9] (see Table  1 ). Table 4 indicates traveling at an average speed of 120km/h will complete the journey in 1 hour and 40 minutes. Energy consumed is calculated by using the specified fuel consumption rate and the specific energy density for diesel.
The power required for the commuter bus to travel at 120km/h can be calculated if some parameters are assumed. The sum of the aerodynamic drag, Faero, and rolling resistance, Frou1 of the commuter bus are used to determine the total retarding force. Their direction is shown in figure 4 .
The power required is calculated as follows:
P= '2pCdAv3+ Crrmv (1) Specific fuel consumption is obtained from the engine manufacturer datasheet [3] , and the gravimetric amount of fuel required calculated. For a fuel flow rate of 215g/kWh the weight of the fuel consumed is 39.35kg. Table 5 lists the specific energy and fuel densities. Using a fuel density of 850g/liter, this equates to about 46.3 liters of diesel. Using the specific energy of diesel from Table V, the energy consumed is calculated to be 1.8GJ. A commercially available 6 seat helicopter is considered for comparison. The power plant is a 500kW turbo shaft engine and the total weight of the helicopter is 2500kg (including passengers). Speed will be matched to that of the commuter bus so that traveling time will be the same. Energy is required to propel the helicopter forward and overcome air resistance. Some energy is also required to overcome gravity, but this is stored energy and is reclaimed when the helicopter descends back to earth. Most energy is required to keep the helicopter in the air, however no work is being done if the helicopter is only hovering. This is also partially true when the helicopter is in constant altitude flight, as a component of the force is to simply keep the helicopter at a certain altitute.
Energy required to complete the journey will be derived from the fuel flow during flight. By determining how much fuel is consumed we can determine the energy required.
Manufacturers' datasheet [4] gives fuel flow at this speed to be between 90 -105kg/hr, depending on altitude and load. This equates to a total of 245 liters of fuel used. Using aviation fuel energy content of 43.71MJ/kg [5] we calculate the energy consumed to be 7.6GJ. It is, however also possible to reach higher speeds with this type of vehicle. Increasing the traveling speed to an average of 240km/h also increases the fuel consumption rate to 160kg/hour but traveling time is shortened to 50 minutes. The energy required then is 5.8GJ.
We notice that even though the fuel consumption rate increased, the total amount of fuel and thus the amount of energy consumed actually decreased because of the shortened trip time. IV.
AFTER OIL DEPLETION
Both examples discussed are highly reliant on fossil fuels, using diesel and kerosene (jet fuel) for commuter bus and helicopter, respectively. Considering running the bus on bio ethanol and the helicopter on hydrogen produced using renewable energy presents a solution to transportation after oil depletion.
Introducing the Superbus concept, charged from renewable electric energy sources like wind or solar power could also present a method of renewable transportation in the future.
A. Commuter bus:
Running the commuter bus on bio-ethanol has been proposed. Ethanol can be mass produced by fermentation of crops or feedstocks to yield either pure bio-ethanol or be blended with other fuels for use in conventional vehicles. Bio ethanol is seen as a renewable energy source, because it is based on a conversion process in which renewable feedstocks are converted into fuel.
The drawback of fuel derived from natural feedstocks is the reduced specific energy compared to fossil fuels [6] . The use of natural feedstocks also threatens human food supplies. The specific energy within the feedstock derived fuel is also highly dependent on the type of feedstock used. These feedstocks include (but are not limited to) switchgrass, sugarcane and corn.
Currently the use of material with high cellulose content is being tested by using the process of cellulolysis. Cellulosic ethanol is chemically identical to bio ethanol, but is produced from cellulose. This process involves the use of cellulytic bacteria, fungi or enzymes to break cellulose down into shorter cellodextrins. This increases the yield of feedstocks with higher cellulose content, which is not digestible by humans and thus also does not threaten food supplies.
The method of cellulolysis is currently not in commercial use yet. Still, both sugar and cellulose based ethanol will be discussed.
Assuming the diesel engine of the commuter bus has an efficiency of 3500 and an engine running on ethanol has an efficiency of 25%, we can calculate the difference in energy required to continue running the bus. Running an engine on bio-ethanol also increases fuel consumption by 3300 because of the reduced energy content associated with it. Appropriate adjustment of the engine can keep power output the same [6] . Table VI lists that the commuter bus running on diesel required 1.8GJ of energy, so conversion to bio-ethanol will increase the energy requirement to almost 3.4GJ. According to [6] These calculations are based on the use of corn based ethanol and not cellulose derived ethanol. If it does indeed become commercially possible to produce bio ethanol from cellulose based feedstocks, not only will the yield be higher but the energy required to produce the fuel will be considerably lower.
To produce one megajoule of bio ethanol from cellulose based feedstocks requires only between 0.1MJ and 1.1MJ of energy, compared to 0.72MJ required for corn based feedstocks [6] [11]. Again discarding the largest and smallest values, an average of 0.2MJ is used for calculations.
Cellulose based ethanol with an energy content of 3.4GJ will now require only 0.68GJ of energy and electrical energy from the grid now decreases to 188.9kWh. This energy requirement from the electricity grid is for an average of one day. Energy required during a 24 hour period is then calculated by normalizing the energy per vehicle to the energy per person. This is then used to calculate the energy per 1000 passengers traveling both directions, which is used to determine the installed capacity required.
For the commuter bus running ethanol this equates to 3.25kWh per person and 6.5MWh for 1000 people in both directions.
B. The Helicopter:
We will now consider running the helicopter on hydrogen. Even though hydrogen is not a direct replacement for kerosene or aviation fuel in a turbine engine, it will be assumed that some solution to this problem exists. For this study however we will consider a fuel cell and electric motor to convert the energy and turn the rotor.
Generally hydrogen is produced by gas reforming, which requires natural gas to begin with. Hydrogen can also be extracted from water by electrolysis, however, this process requires a considerable amount of energy. For the purpose of this discussion only electrolysis will be considered as a plausible means of producing hydrogen.
Assuming the helicopter is powered by a fuel cell with 4000 efficiency and the original turbo shaft engine had an efficiency of 700/, the energy required to fly the helicopter at 120km/h would be 13.3GJ, based on the initial energy requirement of 7.6GJ.
Using an energy density of 120MJ/kg for hydrogen, we calculate the mass of hydrogen required to be 11 lkg. About 9kg of water and 55kWh of energy is required to produce 1kg of hydrogen [7] .
To produce sufficient hydrogen thus requires 999kg of water and 61OOkWh of electrical energy to fly a single 200km trip. Calculations for flying at 240km/h are done similarly. This yields 765kg water and 4675kWh of electrical energy. These results are tabulated in Table VII. If an average sized helicopter can transport 6 passengers, the energy requirement results in 1.02MWh per person at 120km/h, or 0.78MWh per person at 240km/h. For 1000 passengers doing the round trip this would mean 204OMWh at 120km/h or 156OMWh at 240km/h. C. The Superbus
Calculations are first done for averaging 120km/h. The mechanical power required to sustain this speed is determined by the aerodynamic properties of the Superbus as well as the rolling resistance of the tires. Electrical power required is slightly more due to efficiencies of the electric motor and inverter. Mechanical power required can be calculated using (1) . Factoring in the gearbox, motor and inverter efficiency gives the continuous electrical power required from the Superbus battery terminals at 120km/h to be 69kW.
Electrical energy required is 110.4kWh. When traveling at 240km/h the power required to overcome drag and resistance increases to almost 280kW, but journey time is once again reduced to 50 minutes. Electrical energy required for traveling at 240km/h increases to 232.4kWh.
The Superbus is designed to seat 25 occupants, so each person will require 4.5kWh at 120km/h and 9.3kWh at 240km/h. For 1000 people completing a round trip, 9MWh would be required for 120km/h travel and 18.6MWh at 240km/h.
V. RESULTS
Energy requirements for all discussed vehicles as well as capacity required from the electricity grid are summarized in Table VIII The process of producing bio-ethanol is still in its infancy and there is still room for advances in development, as can clearly be seen from this study. It might be possible that the processes involved in producing ethanol are further improved in future, demanding even less energy from the grid. On the other hand, the electrical side of power generation and distribution is quite mature. Large electrical generators have very high efficiency and transmission of electrical power is also very efficient. This makes the possibility of the energy requirement for an electric vehicle like the Superbus decreasing unlikely. Although it is assumed that in the future cellulolysis will be used commercially, yield rates and efficiencies might vary from what is predicted. For time being, the technology exists, but it is not available for use in mass production of bio ethanol. Tables VIII and IX 
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